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We develop a tractable open-economy new-Keynesian model with two sectors to analyze the short-term effects of aid-financed fiscal expansions. We distinguish between spending the aid, which is under the control of the fiscal authorities, and absorbing the aid-using the aid to finance a higher current account deficit-which is influenced by the central bank's reserves policy when access to international capital markets is limited. The standard treatment of the transfer problem implicitly assumes spending equals absorption. Here, in contrast, a policy mix that results in spending but not absorbing the aid generates demand pressures and results in an increase in real interest rates. It can also lead to a temporary real depreciation if demand pressures are strong enough to threaten external balance. Certain features of low income countries, such as limited participation in domestic financial markets, make a real depreciation more likely by amplifying demand pressures when aid is spent but not absorbed. The results from our model can help understand the recent experience of Uganda, which saw an increase in government spending following a surge in aid yet experienced a real depreciation and an increase in real interest rates. According to this literature, the representative agent of the recipient country will use the aid to increase its expenditure on both traded and non-traded goods, with the increase in spending automatically reflected in an increase in the country's absorption (an increase in the current account deficit net of the transfer).
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In this context, an appreciation of the real exchange rate is required to shift demand toward traded goods and supply toward non-traded goods, and therefore ensure both internal balance-the equilibrium in the market for non-traded goods-and external balance-the satisfaction of the balance of payments. The analysis is similar if the government is the direct recipient of the aid, rather than the representative agent, in which case the higher absorption corresponds to higher government spending.
Little attention is paid to how the reserve policy of the central bank may affect the impact of aid. 3 This neglect becomes a serious handicap when analyzing the recent experience of African countries. In the case of Uganda, aid inflows and aid-financed government spending increased considerably during the first half of the decade, yet the current account deficit net of aid did not increase (Table 1) .
Instead, the additional aid ended up accumulated as reserves. In addition, the real exchange rate depreciated and the country experienced a considerable increase in real interest rates-a variable that is often ignored in the analysis of transfers. As documented in Berg, and others (2007) , other African countries with large aid surges also experienced a fiscal expansion, a large accumulation of reserves, and a real depreciation.
The above experience suggests that, contrary to the standard treatment of the transfer problem, the distinction between the spending and the absorption of the aid is crucial. 4 While the former is determined by the fiscal policy response, the later is influenced by the reserve policy of the central bank-provided access to international capital markets is limited. In the case of Uganda, aid was spent but not absorbed.
In practice, there is no institutional arrangement between the government and the central bank that ensures coordination of the two policy responses. In a canonical aid transaction, the foreign exchange (FX) from aid accrues to the government, which sells it to the central bank in exchange for a local currency deposit. The central bank in turn decides on its own whether to accumulate the FX as reserves, and whether such accumulation should be sterilized, as it was in Uganda. Depending on the policy mix, there can be several possible combinations of spending and absorption (Figure 1 ).
In this paper we provide a framework for thinking about the macroeconomics of aid flows, centered on the fiscal/reserve policy interaction. To our knowledge, there has been little work on this interaction in the open economy macro literature. 5 Given the surprising behavior of the real exchange rate, and the simultaneous increase in real interest rates, we study whether certain combinations of fiscal and reserve policy can account for this joint behavior.
We present our analysis in the context of a tractable two sector dynamic general equilibrium model with nominal rigidities. Our model conforms with the new-Keynesian paradigm but emphasizes important features of low income countries: little market power in export markets, limited international capital mobility, consumers' limited participation in domestic financial markets, and-as an extension-potentially limited flexibility in the reallocation of labor across sectors. We also extend the policy set of the central bank to include two rules: the standard monetary policy rule and a separate rule determining the rate of reserve accumulation. Given the model's tractability, we can represent the short run equilibrium using a graphic representation of external balance, internal balance and the labor market.
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With the help of our model we show that a policy combination that results in spending but not absorbing the aid can generate both an increase in real interest rates and, under certain conditions, a real exchange rate depreciation. The starting intuition for our results is that spending but not absorbing the aid is akin to a domestically-financed fiscal expansion: public spending increases but the foreign exchange from the aid is not being used to increase the country's external financing. The increase in spending must therefore come at the expense of the private sector, which is crowded out. Another way of restating the same idea is that aid is being "used" twice: once to increase government spending, and once to increase the stock of reserves. Note that this intuition also justifies the choice of a new-Keynesian framework with non-Ricardian features-in this case limited participation in domestic financial markets-to study the short run macroeconomics of aid flows.
The results from the model can be summarized as follows:
• A policy mix that results in spending and absorbing the aid leads to an appreciation of the natural real exchange rate and little movement in the natural rate of interest, where "natural" denotes the flexible-price equilibrium values. In contrast, a policy that results in spending without absorption moderates the appreciation of the natural real exchange rate and increases the natural rate of interest. The appreciation is moderated because there is no increase in external financing, while the rise in the natural rate of interest reflects the crowding out of the private sector.
• Once we introduce nominal rigidities in the non-traded sector, the increase in the natural rate of interest implies that spending but not absorbing the aid generates demand pressures, i.e., temporary increases in inflation and the aggregate output gap. This is a well known result of the standard closed-economy new-Keynesian model in which monetary policy is not optimal.
Because our model is isomorphic to that setup when the capital account is closed, and we assume a standard Taylor rule in our benchmark specification, the same result applies here.
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• Demand pressures are associated with a more depreciated real exchange rate relative to the flexible-price case. They result in an increase in aggregate labor demand and therefore generate an increase in real wages. This requires a more depreciated real exchange rate-relative to its "natural" value-to guarantee external balance.
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For the real exchange rate to depreciate in absolute terms, demand-related pressures must dominate the "natural" real appreciation. We use this distinction to clarify how various features of the model affect the results. Limited participation in domestic financial markets increases the likelihood of a real depreciation because it amplifies demand pressures. The same holds if monetary policy is loosened as a result of incomplete sterilization of reserves, whereas a more aggressive monetary policy (a higher coefficient on inflation in the Taylor rule) will have the opposite effect. On the other hand, the natural appreciation becomes smaller if the share of government spending on traded goods increases. Also, labor market frictions increase the magnitude of the natural appreciation required to reallocate labor across sectors.
When we calibrate the model to Uganda, simulate a temporary aid increase, and assume aid is spent but not absorbed, the model generates a temporary real depreciation and an increase in the real interest rate. The former result is robust to some of the variations considered, including changes in the specification of preferences and plausible variations in monetary policy. However, once the capital account is open, the mapping between reserve accumulation and absorption is considerably weakened. As a result, aid invariably leads to a real appreciation, unless the accumulation of reserves is not fully sterilized. While this is an important caveat, the assumption of limited capital mobility is broadly consistent with the behavior of the capital account in Uganda following the aid surge.
The model is not designed to match the quantitative dynamic behavior of macro variables in Uganda. Before proceeding in that direction, it is important to understand the different transmission mechanisms of aid in the short run, a gap this paper intends to fill.
To our knowledge, this is one of the first papers to apply DSGE-type models to study the macroeconomics of low income countries.
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In the aid literature, our paper is closely related to Buffie, and others (2008) and Adam, and others (2009) , who also discuss the role of reserve policy in the transmission of aid shocks. Their models typically feature currency substitution and fiscal dominance, which conflates the direct impact of aid with passive changes in monetary policy and currency-demand induced capital flows. While certainly useful, their models are too stylized to serve as a benchmark: sectoral output is typically given and nominal rigidities are given a cursory treatment. In addition, fiscal dominance does not seem a natural assumption for countries like Uganda, with low inflation and strong commitment to short term nominal targets. Prati, and Tressel (2005) also analyze the role of reserve accumulation in a two-period real model with a production externality in the traded sector. Their model focuses on optimal reserve policy and does not address the issue of a real exchange rate depreciation.
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Recently, other papers also look at the impact of aid on the real exchange rate and other aggregate variables (Arellano, and others (2009), Cerra, and others (2008) , Chatterjee and Turnovsky (2007) ). These are real models, with a focus on the medium-to-long run, and do not permit a rich discussion of the interaction of fiscal and reserve policy.
Our work is also related to an older literature on "counterpart funds", the local currency proceeds from the sale within the aid-recipient country of in-kind transfers such as food aid (Khatkhate (1963) , Roemer (1988) , among others). While these papers had identified some of the mechanisms described here, they lacked a coherent modeling framework to make sense of the different policy responses.
Finally, on the fiscal front, our work is related to recent papers on the analysis of fiscal policy in new-Keynesian closed economy models (Gali, Lopez-Salido, and Valles (2007) , Monacelli and Perotti (2008) ). These papers emphasize limited participation or non-standard preferences in helping these models match the stylized facts of fiscal shocks in industrialized countries. We find that these features are also important to account for real exchange rate behavior in our framework. In an open economy model different from ours, Corsetti, Meier, and Muller (2009) also find a real depreciation following a debt financed fiscal expansion. Their result is based on a different mechanism: fiscal expansions that are associated with expected spending reversals can lead to a decrease in long-run real interest rates and a depreciation of the real exchange through uncovered interest parity.
Our paper is organized as follows. Section 2 briefly discusses the experience of Uganda. Section 3 presents the model while section 4 focuses on the short-run equilibrium when prices are flexible. Section 5 adds nominal rigidities, and discusses the calibration and simulated results. Finally, section 6 concludes.
II. THE AID SURGE IN UGANDA
To provide some motivation and context for our approach, we briefly describe the experience of Uganda-summarized in Table 1 . Starting in 2000, this country experienced a sustained increase in aid flows. Net aid, defined as the sum of gross aid flows and debt relief minus debt service and arrears clearance, increased by about 3 percentage points of GDP (on average) during 2000-2004, with a subsequent fall below pre-surge levels after 2005. In present value terms, the surge represented 11 percent of Uganda's GDP in [2000] [2001] ; by way of historical comparison, the transfer associated with the Franco-Prussian war indemnity-the largest transfer in history-represented 25 percent of the French economy in 1870 (Devereux and Smith (2007) ). Most of the increase took the form of budget support rather than project aid (Berg, and others (2007) ).
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The surge to Uganda coincided with a sharp increase in overall aid to sub-Saharan Africa over the same period, up 42 percent in real terms from 1999 to 2004 (IMF (2008a ). This increase reflected renewed donor enthusiasm for aid in the context of the UN Millennium Development Goals campaign, the end of a post-cold-war decline in aid, and the implementation of the highly-indebted poor countries (HIPC) debt relief initiative. Uganda benefited from this trend because of its successful track record in the 1990s, pre-existing strong policy regime, and good relationships with major donors, all of which made it an attractive target for additional assistance.
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Following the aid surge, fiscal authorities responded by increasing public spending (net of interest payments on foreign debt) by an average of 2.3 percentage points of GDP over the same period, with the difference being used to improve the fiscal balance.
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Most of the foreign exchange flow associated with the aid was accumulated as reserves by the central bank (2.3 percent increase), with the difference financing a higher current account deficit before of aid (0.6 percent). Only a small fraction of the increase in reserves resulted in an increase in base money growth (0.3 percent of GDP)-in other words almost all was sterilized.
The contrast between the fiscal and the reserve response reflected the de facto separation of policy objectives between the government and the central bank. The increase in government spending was consistent with the authorities' goal of providing public services and implementing investment projects, while also satisfying the donors demand that aid be used in the first place. On the other hand, the reserve policy response reflected the central bank's concern with "external competitiveness".
Against this backdrop, the real exchange rate depreciated considerably, most of it on account of a nominal depreciation. It is likely that some of the real depreciation reflected the worsening of the terms of trade, which started before the aid surge. However, back-of-the-envelope calculations in Berg, and others (2007) suggest the additional financing provided by the aid surge was much larger than the direct income effect of the terms-of-trade change. Finally, both nominal and (ex-post) real Treasury-bill rates increased by about 200 basis points during the aid-surge period; while 6-month and 1 year rates increased by about 500 and 600 basis points, respectively.
We now proceed with the description and analysis of the model, before returning to simulations that capture some of these stylized facts.
III. THE MODEL
In this section we present our small open economy model, where the only source of uncertainty is a shock to foreign aid. The economy has two goods, a traded good (T ) and a non-traded good (N ), and consists of the following agents: i) households; ii) firms; iii) a central bank in charge of monetary policy and reserve accumulation; and iv) a fiscal authority.
A. Households
There is a continuum of households [0, 1], all valuing consumption and hours worked. For any household j, consumption is given by a standard CES basket:
which implies the consumer price index (CPI) P t = ϕ P
and P N t correspond to the prices of the goods, χ denotes the elasticity of substitution between traded and non-traded goods, and ϕ is the degree of home bias in consumption. Equation (1) implies the following demand functions for traded and non-traded goods:
and c
Households differ in their access to financial markets. A fraction p trade in asset markets, which allows them to smooth consumption in a forward looking manner. These asset holders are indexed by the superscript "a". The remaining households-the fraction (1 − p)-have no assets and fully consume their current labor income. They are indexed by the superscript "h." We now describe the optimization problem faced by each type of agent.
Asset Holders
The representative asset holder maximizes expected life-time utility:
where l a t is the amount of labor supplied and ψ is the inverse of the labor supply elasticity. His budget constraint, deflated by the domestic CPI, is given by:
where b ac t is the saver's real holdings of domestic bonds issued by the government, which pay a "gross" nominal interest rate i t ; and b a * t denotes his holdings of foreign assets deflated by the foreign price index (P * t ), which pay a gross nominal international interest rate i * and are subject to portfolio adjustment costs Q (b a * t ). The variable s t is the CPI-based real exchange rate (s t = StP * t P t ), where S t is the nominal exchange rate; π t is gross domestic inflation (π t = P t P t−1 ); w t is the real wage; Ω aN t denotes asset holders' profits from domestic firms in the non-traded sector; and τ is a real lump sum tax levied by the government.
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Utility maximization results in the following first order conditions: 13 We assume foreign inflation π * is constant and equal to one.
1 c a t
Portfolio adjustment costs are given by Q(b
, where b a * is the steady-state value of the foreign assets. These costs ensure stationarity of b a * t and allow us to model various degrees of international capital mobility.
14 When υ << ∞, a sterilized foreign exchange rate intervention will influence the exchange rate: ceteris paribus, by reducing b a * t , a purchase of foreign exchange with domestic bonds will increase expected returns on foreign assets-net of adjustment costs-and cause a nominal depreciation.
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Non-Asset Holders Households that do not have access to asset markets maximize the same lifetime utility function as in (3) but subject to a static budget constraint:
The optimization program for these consumers reduces to a single first order condition:
Aggregation we define aggregate consumer-related variables as:
B. Firms
Non-traded goods sector The non-traded good y 
The non-traded sector features monopolistic competition, with each firm producing a variety. Production by firm i is given by:
where l N it is the amount of of labor employed, α is the labor share and z N is a productivity parameter. The monopolist also faces price adjustment costs that are similar to Rotemberg (1982) :
and p
The monopolist chooses p N it to maximize its real discounted flow of profits:
. Each firm receives a subsidy ι, which is financed with a tax common to the entire sector.
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Focusing on a symmetric equilibrium, the first order condition is the following:
Traded goods sector The traded goods sector features perfect competition and flexible prices. We assume the law of one price holds:
is the foreign price of traded goods. Production by firm j is the following:
The representative firm chooses l T it to maximize real profits:
, which leads to the following first order condition:
C. The Government
The government spends on a basket of traded and non-traded goods:
which implies the following government price index-measured in real terms:
and the following demand functions:
The government budget constraint is given by:
The government finances spending with taxes τ , aid proceeds s t A * t (of which it is the direct recipient), changes in deposits held at the central bank
It pays interest on government debt held by the private sector b c t , which is the difference between total debt and debt help by the central bank b cb t :
We assume foreign aid A * t follows the process:
where A * is the steady state level of aid and t is an i.i.d. shock. Fiscal policy is determined by rules for deposits and gross debt. Deposits are determined as follows:
where d is a deposit target. When aid increases, the government initially spends a fraction γ. In this regard, γ measures the degree of short term aid spending. Aid-related deposits are drawn down at rate ρ d . Debt accumulation follows a simple rule:
where ς is small but positive. This ensures that open market operations-which affect government interest payments-do not influence the steady state fiscal position.
D. The Central Bank
We initially assume the economy is cashless, which implies the central bank balance sheet does not contain any monetary liabilities. Changes in its balance sheet are given by: 17 We have assumed for simplicity that the government demand for traded and non-traded goods is not sensitive to changes in the real exchange rate.
where R * t is the level of foreign reserves. Central bank policy is given by a Taylor rule:
which implicitly defines the inflation objective π N = 1, and a reserve policy rule:
where R * is a long-run target.
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The central bank initially accumulates a fraction (1 − ω) of the increase in aid as reserves, which will eventually be drawn down at rate ρ R . When the capital account is closed, ω is a direct measure of short term aid absorption.
E. Equilibrium Conditions
The labor market equilibrium (LL) is given by the following equation:
Then there is the equilibrium in the non-traded goods market:
The balance of payments (bop) is derived by adding all budget constraints:
Equation (28) summarizes the possible uses of aid: it can finance a higher current account deficit (net of aid), a capital account surplus or an accumulation of reserves.
Finally, it is useful to introduce real gdp, which is defined as the sum of production in both sectors, valued at their normalized steady-state prices p N and s:
We define an equilibrium in this economy as follows: (17); (ii) the optimal conditions for consumers (5)- (7) and (8)- (9); (iii) the optimal conditions for firms (11) , (13)- (15); (iv) the government rules and constraint (18)- (22) 
where δ is the non-traded sector's share of employment and gdp, and κ i is the share of variable i in gdp. These conditions ensure that p N , s, l and y equal one. We also set ι = 1 θ−1 , to eliminate the distortion arising from monopolistic competition. Finally, non-traded equilibrium and the balance of payments -eqs (27) and (28)-impose the following constraints:
For the remainder of the analysis, it will be useful to define two additional parameters:
ξ measures home bias in consumption, and φ compares home bias in production relative to consumption. Note that φ is related to the share of aid and government spending on non-traded goods (ϕ g ). Our focus is limited to the cases where φ > 0, which implies home bias in production is larger than home bias in consumption.
G. The log-linearized version of the model
A hat (x) indicates log-deviations from steady state, except for stocks, for which it indicates changes in percent of steady state GDP. We first log-linearize the CPI index:
to solve forp N t . We will also replace employment with real gdp using the following formula:
Consumers Adding eqs. (7) and (9)-in linearized form-yields the labor supply curve:
Combining eqs. (5) and (6) generates a modified uncovered interest parity condition:
where
. As in Gali et al (2007) , the presence of non-asset holders results in a revised Euler equation that includes expected changes in real gdp as one of its determinants:
, and Ξ = κ c ψ + α − (1 − p)α(ψ + 1).
Non-traded sector Log-linearizing eq. (13) produces the new-Keynesian Phillips curve:
whereμ N t is the percentage change in markups in the non-traded sector:
which implicitly defines the supply of non-traded goods (and labor demand in that sector). Linearizing eq. (12) yields:π
Traded sector The supply of traded goods (labor demand) is given by linearizing eq. (15):
The government Fiscal policy is summarized by the equation for total spending, the rule for government deposits and the process for aid:
The central bank Central bank policy is also summarized by three equations: the Taylor rule, reserve accumulation and its implications for government bonds outstanding:
The labor market equilibrium Replacing labor demand in each sector and labor supply into eq. (26) yields the labor market equilibrium condition (LL):
where ϑ w =
1−α+ψ ψφ
, ϑ c =
1−α ψφ
, and ϑ µ = δ φ . The intuition behind equation (39) is as follows. When φ > 0, a real appreciation increases the aggregate demand for labor. Higher real wages -which increase labor supply and reduce labor demand-therefore require a real appreciation to clear the labor market. The same holds for higher markups-they decrease labor demand-while the opposite holds for higher consumption-it reduces labor supply. Note that the ϑ i s are large since φ is close to zero.
We also derive the level of output consistent with the labor market equilibrium:
Internal balance To generate the internal balance condition (IB), we insert demand for non-traded goods-(ĉ N t =ĉ t + (1 − ϕ)χŝ t ) and (ĝ N t =ĝ t )-and supply into eq. (27):
and Γ = (1 − ϕ)κ c χ private demand elasticity
The intuition behind eq. (41) is straightforward. Higher consumption requires a real appreciation to reestablish internal balance: it reduce demand and, by lowering non-traded product wages, increases supply. The same holds for: higher aid, provided it is spent on non-traded goods (γ > 0 and ϕ g > 0); lagged government deposits, as they increase government resources; and higher wages and markups since they reduce supply.
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The magnitude of the adjustment depends negatively on the sum of demand and supply elasticities (see Γ).
We also derive a concentrated IB by solving eq. (39) for real wages and replacing in eq. (41):
where M c = (ϕκ c + δ
. 21 We use the equation for government spending to solve forĝ t . 22 The opposite holds for lagged outstanding government debtb 
The intuition behind most terms in eq. (43) is the exact opposite of eq. (41). Regarding an increase in aid, external balance requires a real appreciation (ν A > 0) provided the aid is not fully accumulated as reserves (ω > 0). On the other hand, if ω is close to zero or very low, higher aid may generate depreciation pressures if the resulting (hypothetical) increase in government spending is sufficiently tilted toward traded goods (ϕ g < 1). Finally, we derive a concentrated EB equation as in eq. (42):
, and
This concludes the presentation of the linearized version of the model. Note that, in its most general form, the model is summarized by a system of 13 equations (30-41, 43) and 13 unknowns:
In the next section, we make a number of simplifying assumptions to reduce the analysis of the model to a system of either three or two equations.
IV. FISCAL AND RESERVE POLICY INTERACTION UNDER FLEXIBLE PRICES
We now study how the interaction of spending and reserve policy-a pair (γ, ω)-affect the short run impact of aid under flexible prices (ζ = 0,μ N t = 0). We focus on the special case where υ b = +∞, which closes the capital account (b * t = 0), although we will later relax this restriction. We will use a "( * ) n " superscript for equilibrium variables under flexible prices.
Given these assumptions, the short-run equilibrium of the model can be summarized by eqs. (39), (41) and (43), which we reproduce here for convenience:
All three equations are represented in Figure (2 We can also use eqs. (42) and (44) to represent short run equilibrium:
Both curves are represented in Figure ( 3). We will use Figure ( 2) to study the implication of aid increases for the labor market and Figure ( 3) to focus on private consumption.
We start our analysis with a version of the model where the government spends on non-traded goods exclusively (ϕ g = 1), which simplifies the analysis, and then focus on the version where ϕ g < 1.
A. Impact of Aid when ϕ g =1
When ϕ g = 1, the internal and external balance equations simplify as follows:
In this case, the government's spending of the additional aid (γ > 0) affects internal balance only (the IB curves shift downward), while the central bank's sale of the aid-related FX (ω > 0) affects external balance (the EB curves shift downward). We look at four policy combinations (see Figures  (4) and (5)); point a refers to steady state.
Complete spending and absorption-point b
If aid is spent and the central bank sells all the aid-related FX (γ = 1, ω = 1), the short run equilibrium moves from point a to b. The real exchange rate appreciates and consumption increases slightly.
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Real wages increase since the real appreciation increases labor demand and the increases in consumption reduces labor supply.
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Complete spending but no absorption-point c If aid is spent but the central bank uses all of the FX to accumulate reserves (γ = 1, ω = 0), there is a-smaller-real appreciation and private consumption is crowded out. While the (smaller) real 23 Note that participation in financial markets does not affect the flexible price equilibrium values for (ŝ n t ,ŵ n t ,ĉ n t ). 24 The increase in consumption happens because ν A > ε A , which reflects the fact that the private sector-being more intensive in the production of non-traded goods than in their consumption (φ > 0)-benefits when relative demand for non-traded goods goes up. 25 Note that the equilibrium is not given by the interaction of curves IBa and EBa , as their position assumes consumption has not increased, in which case labor supply exceeds labor demand. appreciation still generates an increase in labor demand, the larger decrease in consumption increases labor supply and real wages decrease.
Complete absorption but no spending-point d
If the central bank sells the FX but government spending does not increase (γ = 0, ω = 1), there is a smaller real appreciation with higher consumption and real wages.
No absorption and no spending-point e
Finally, if aid is not spent but the FX is accumulated as reserves (γ = 0, ω = 0), there is no initial impact on the real exchange rate, consumption or real wages.
B. Impact of Aid when ϕ g < 1
When the government spends on traded goods, the fiscal policy response also affects the economy's external balance (Figure (6) ). In the case of complete spending and absorption (point b), the resulting appreciation is smaller, since the shift in both curves is now smaller. In the case of spending without absorption, the IB curve shifts down and the EB curve shifts up (EBa ), which also reduces the real appreciation (point c). Depending on the calibration, the latter policy may even result in a real depreciation, while the effect on consumption remains negative.
C. Reserves Policy, the Real Exchange Rate and the Natural Rate of Interest
Much of the policy debate about the short term response to aid takes spending as given and focuses on the central bank response; we will set (γ = 1) for the remainder of the paper and analyze the role of ω.
It is helpful to derive the implications of aid on the natural rate of interest, which can be shown to follow the equation below:
with n i > 0 for all i (see Appendix A for a derivation). The term −n A measures the impact of aid on the short term real interest rate when aid is both spent and absorbed and is close to zero. Interest rates will increase, however, if aid is not absorbed and reserves accumulate (R *
For a given increase in aid, Figure (7) displays the equilibrium pair (r n t ,ŝ n t ) as ω goes from one (complete absorption) to zero (no absorption). Our model generates a negative relationship between these variables: as reserve accumulation increases (ω ↓), the size of the real appreciation is reduced while the natural rate of interest increases-consistent with the crowding out of the private sector. In addition, as the share of spending on traded goods increases (ϕ g ↓), the range of real exchange rate movements shifts up-there is less appreciation-while the range of real interest rates remains the same.
To summarize, the experiments presented here have shown that, when capital mobility is limited, the short run impact of aid on the real exchange rate and other real variables depends crucially on the combination of fiscal and reserve policy responses, as well as the composition of spending. The differences become starker once we introduce nominal rigidities, which we discuss in the next section.
V. POLICY INTERACTIONS UNDER STICKY PRICES
We now analyze how nominal rigidities (ζ > 0) affect the short-run effects of aid. It is no longer possible to fully characterize the short run equilibrium with the (LL, IBa, EBa) system, although we will use it to clarify the role of nominal rigidities. Instead, we simulate the model calibrated after calibrating it to the Ugandan economy.
A. Calibration
The calibration is shown in Table ( 2). β is set so the equilibrium annual real interest rate is 4 percent. The choice of δ, κ g and κ A is based on Uganda's national income and fiscal accounts prior to the aid surge. 26 We set ϕ g = 0.8 based on data from the Bank of Uganda; κ c and ϕ follow from the country's resource constraints.
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Our baseline maintains υ b = +∞.
The labor share α is calibrated to the employment compensation share in Uganda's 2002 input-output table, and χ is calibrated to the estimate of import demand elasticity for Uganda from Tokarick (2009). We do not have estimates on labor supply elasticity (ψ −1 ); we set ψ = 2. We set ζ= 10, which is consistent with firms changing prices every 3.5 quarters.
The share of asset holders p is set to 40 percent, based on a comprehensive survey of financial access in Uganda.
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The coefficient ρ A is chosen so that the increase in aid has a half life of about a year and half; the choice of ρ R ensures reserve accumulation is persistent. Finally, Uganda, like many African countries, does not set operational targets on interest rates; we choose a Taylor rule for simplicity and our value for φ π (1.5) is standard. We experiment with alternative monetary policy rules below.
B. Simulation Results
We examine the dynamics of the model following a 50 percent increase in A * t (about 3 percentage points of GDP), similar to what Uganda experienced during the aid surge. Impulse response functions are computed under both sticky and flexible prices.
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Complete spending and absorption (Figure 8) In this case, there is an equivalent increase in government spending and the current account deficit (net of aid).
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The real exchange rate appreciates and the impact on real GDP is close to zero: the expansion of the non-traded sector is almost fully offset by the contraction in the traded sector. Real wages increase. There is a small increase in non-traded inflation (shown in annualized terms), which is consistent with a small decline in markups. Headline inflation falls while nominal and real interest rates remain unchanged. Note that the simulation under sticky prices is very similar to its flexible price counterpart.
Complete spending, zero absorption (Figure 9)
This case matches the policy response observed in Uganda (Table 1) . Government spending increases but the current account deficit net of aid stays flat. The real exchange rate now displays a depreciation, there is a large decline in markups, and inflation increases considerably. The monetary policy response results in a large increase in real interest rates, while output expands for two reasons: an increase in labor supply-related to the crowding out of consumption-and higher demand pressures. Note that the performance of the model with sticky prices is very different than the flexible-price version: we observe higher output and inflation, lower markups, higher real wages and a more depreciated real exchange rate.
C. Discussion
The simulations raise two related questions: why are there demand pressures when aid is spent but not absorbed, and how can these pressures generate a temporary real depreciation?
Why are demand pressures larger when aid is spent but not absorbed?
To understand this question, it is helpful to look at one-sector closed economy new-Keynesian models. These models typically feature three equations: an IS curve that relates the output gap to the difference between the actual real interest rate and the natural rate of interest; a new-Keynesian Phillips; and a monetary policy rule.
31
It is a well known property of these models that real shocks 29 While the aid surge in Uganda lasted four years, our focus is mainly on the first year. Since most of the features in our model that can generate a real depreciation are related to the presence of nominal rigidities, and there are few real rigidities, we cannot generate a persistent real depreciation that lasts beyond the first few quarters. We leave an examination of real rigidities for future work. 30 The log-linearized current account deficit net of aid (in percent of GDP) is given by:
D. Sensitivity Analysis
We now analyze how several features of the model affect the impact of aid and how these effects vary with the reserve policy response. Table 3 compares results from the benchmark case with six variations: (i) government spending on non-traded goods only; (ii) excluding non-asset holder consumers; (iii) imperfect substitutability of labor; (iv) smaller aid persistence; (v) alternative preferences; and (vi) a perfectly open capital account. For the first five cases, we limit our discussion to four variables: the real exchange rate and output, both measured as average deviations over the year; accumulated inflation over the same period and the real interest rate (r t −π t+1 ).
Government spending on non-traded goods only
When ϕ g goes from eighty percent to one hundred, the economy experiences a more appreciated real exchange rate, even though there is still a small depreciation when there is no absorption. Consistent with the previous discussion, this is due to changes in the natural real exchange rateŝ n t (not shown) rather than smaller demand pressures.
Excluding Non-Asset Holders
When the share of non-asset holders falls from sixty percent to zero, the response of the economy varies depending on whether aid is absorbed or not. In the former case results are similar to the benchmark. In the latter, demand pressures are smaller and the real exchange rate appreciates, which highlights the fact that non-asset holders amplify demand pressures.
Imperfect labor substitutability
We experiment with labor supplied to different sectors being imperfectly substitutable:
which allows for wage differentials across sectors and results in sector specific labor supply conditions:
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We set = 2. In this case, aid results in a more appreciated real exchange rate regardless of whether reserves increase or not. This result reflects a more appreciated flexible-price real exchange rate (ŝ n t , not shown).
Lower persistence of aid
We now analyze what happens when ρ A goes from 0.87 to 0.6. We raise the size of the initial shock so the increase over the first year is the same as in the benchmark. In the case of complete absorption, the increase in aid generates a smaller real appreciation and the impact on inflation and output is slightly higher. When aid is not absorbed, the economy experiences a larger real depreciation and output and inflation increase significantly.
These results can be explained as follows: the larger size of the shock and the smaller persistence imply most of the aid increase takes place when nominal rigidities matter, while the negative impact on consumption is smaller.
Alternative preferences
The preferences we have used so far have one important drawback: shocks with negative wealth effects tend to be expansionary through the effect of consumption on labor supply. This explains why spending but not absorbing the aid leads to an expansion in output when prices are flexible.
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To assess robustness, we explore an alternative specification for utility, based on Greenwood, Hercowitz and Huffman (1989) 
). In this case labor supply depends on real wages only:l t = 1 ψŵ t .
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For simplicity, we will assume there are only asset holders (p = 1). Table 3 summarizes the results from this specification, under both flexible and sticky prices. Under flexible prices, results are similar, the main exception being the response of output when aid is spent but not absorbed, which is now approximately zero. On the other hand, when prices are sticky, spending but not absorbing the aid generates larger demand pressures and an even larger real depreciation, which indicates the key results are robust to this specification.
Opening the capital account
We now assume the capital account is open and set υ b = 0.0125, which implies that, ceteris paribus, a decrease in private NFA by 5 percent of annual GDP leads to an increase in annualized domestic interest rates of 100 basis points. In addition to (ŝ t ,ŷ t ,π t ,r t −π t+1 ) we also study the impact on the the bop categories (see Table 3 ).
In this case, reserve accumulation has a smaller impact on real variables, including the current account deficit which is now determined in part by inter-temporal considerations. When all aid-related foreign exchange is sold to the private sector, there is both a higher current account deficit net of aid and a capital account surplus. Since absorption is now smaller, real exchange rate pressures are smaller. When the central bank accumulates reserves, the private sector borrows from the rest of the world to maintain a broadly similar-although smaller-current account deficit, resulting in large capital inflows.
Relative to the previous discussion, the sterilized accumulation of reserves-during an aid-financed fiscal expansion-cannot generate a short-term real depreciation. Note however that an unsterilized reserve accumulation will lead to a real depreciation, regardless of the degree of capital mobility. We discuss the role of monetary policy in the next section.
E. The Role of Monetary Policy
One of the weaknesses of the benchmark results was that the real depreciation was associated with an increase in inflation, which is at odds with the evidence (see Table 1 ). We conclude our paper with an analysis of alternative monetary policy responses, with a focus on the behavior of inflation. We compare the benchmark with: (i) headline inflation targeting; (ii) incomplete reserve sterilization; and (iii) inflation targeting implemented via operational targets on money growth (Table 4) .
Headline inflation targeting
Our choice of target draws on the literature on monetary policy in models with varying degrees of nominal rigidities across sector: authorities should target the inflation of goods with sticky prices since it summarizes the distortions stemming from nominal rigidities.
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In practice, authorities typically target headline inflation. If this is the case, a policy of spending and absorb results in a loosening of monetary policy: there is higher non-traded inflation, a smaller real appreciation and an expansion in output. On the other hand, since headline and non-traded inflation behave similarly when aid is not absorbed, headline inflation targeting does not differ from the benchmark.
Incomplete Reserve Sterilization
As discussed in Berg, and others (2007) , in contrast with Uganda, some of the countries that accumulated reserves during scaling-up episodes did not fully sterilize. To analyze such scenario, we introduce real money balances in the representative agent's utility function, which leads to a standard money demand equation (see Appendix B for a derivation):
wherem t is the percent deviation of real money balances from their steady state value and y is the aggregate interest semi-elasticity of money demand.
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The central bank balance sheet now incorporates money:
An increase in reserves need not lead to an increase in government bonds outstanding but can be financed instead with an increase in the money stock. Such lack of sterilization would result in a loosening of policy, which suggests the following variant of the Taylor rule:
where f measures sterilization, with the impact of incomplete sterilization (f < 1) depending on κ m and y (see appendix B for derivation). The parameter (κ m ) is calibrated to the share of base money in Uganda and the choice of y is based on an OLS regression of nominal money balances on nominal interest rates and nominal output. We choose f = 0.9.
When sterilization is incomplete reserve accumulation results, not surprisingly, in a large depreciation of the real exchange rate, a large increase in output and a spike in inflation.
36 See Gali and Monacelli (2005) , Erceg, Henderson, and Levin (2003) , Aoki (2001) , among others. 37 The utility derived from holding real money balances does not enter separately, which implies the linearized Euler equation also depends on linearized real money balances. It can be shown that, since the share of real money balances is very small, these complications can be safely ignored. See McCallum (2001).
Money targeting
De jure, most African countries implement monetary policy by setting operational targets on monetary aggregates.
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We therefore replace equation (24) with the following rule:
which implies the following rule for interest rates:
The resulting rule differs from the standard Taylor rule in three ways: interest rates increase when consumption growth increases, the lagged short term interest rate enters with coefficient one, and the weight on inflation depends on φ m π and y. We assume φ m π is such that the coefficient on inflation is equal to φ π . Table 6 summarizes the results of the model under money targeting. Relative to the benchmark, results are similar when aid is fully absorbed. When aid is not absorbed, money targeting results in a somewhat similar result for the exchange rate and output. However, the impact on inflation is much smaller. This is due to the fact that inflation remains well anchored by the presence of the lagged interest rate in the policy rule.
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VI. CONCLUSION
We have focused on the macroeconomic implications of different responses to aid surges. In particular, and following recent episodes of aid surges in low income countries, we emphasize the interaction of fiscal policy and reserve management. We find that this interaction matters for the short-run effects of aid.
When calibrated to Uganda, the model is able to capture some of the main features of the aid inflow episode, notably the response of the real exchange rate and the real interest rate. However, our assessment of the model has been limited to the qualitative response of key variables. We are currently working on a companion paper where we assess whether an extended version of this model-with investment, real rigidities, uncertainty and terms of trade shocks-can reproduce the quantitative path of the Ugandan economy during the scaling-up period. In a separate paper, we are also working on the welfare implications of various fiscal and reserve policy response to aid, using the same framework presented here.
Our analysis has focused on the short term. The interaction of reserve and fiscal policy also has implications for the medium-term effects of aid, since the (potentially) positive effects from higher 38 See IMF (2008b), Chapter 2 of Spring 2008 REO. 39 This result does not imply money targeting is superior to an interest rate rule. The anchoring role of lagged interest rate is not specific to money targeting but is instead a general property of optimal rules (see Woodford 1999) . In addition, money targeting is subject to the (well-known) instability and volatility of money demand. See Berg, Portillo, and Unsal (2010) for a comparative analysis of money and interest rate rules in low-income countries.
aid-financed public investment can be offset by the crowding out of private investment induced by reserve accumulation. The analysis is further complicated by Dutch-Disease type effects. We address these issues in a separate paper (Berg, and others (2010) ).
Finally, we believe our approach is applicable to issues besides aid. The macroeconomics of natural resource booms in low-income countries are closely related to that of aid surges.
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More broadly, the fiscal-monetary-policy interactions involved here are of general importance in low-income countries. For example, a spend-and-absorb response resembles a domestically-financed fiscal expansion, combined with a sterilized intervention (financed by the aid). We leave an in-depth discussion of sterilized interventions for future work. 
